ABSTRACT. Although the Val34Leu polymorphism in blood coagulation factor XIII-A (FXIII-A) has been implicated in the pathogenesis of intracerebral hemorrhage (ICH), the results of research conducted thus far have been inconclusive. In this metaanalysis, we have assessed the association between the FXIII-A Val34Leu polymorphism and ICH risk. Published reports pertaining to this association were retrieved from the PubMed database, and the data from these studies were pooled and statistically analyzed with Stata 12.0. Summary odds ratios (OR) and 95% confidence intervals (95%CI) were calculated according to a fixed-effect or a random-effect model (as appropriate). The initial search identified 520 articles, only seven of which (retrospective studies) met the inclusion criteria and The results of this meta-analysis suggest that the FXIII-A Val34Leu polymorphism is not associated with ICH risk in a Caucasian population. Further large and well-designed studies must be conducted to confirm this preliminary conclusion.
were included in this meta-analysis. These studies comprised 727 ICH patients and 1968 controls. The results of a combined analysis showed no significant association between the FXIII-A Val34Leu polymorphism and ICH risk in the overall population (Leu/Leu vs Val/Val: OR = 1.41, 95%CI = 0.82-2.43; Val/Leu vs Val/Val: OR = 1.08, 95%CI = 0.89-1.30; dominant model: OR = 1.14, 95%CI = 0.95-1.36; recessive model: OR = 0.72, 95%CI = 0.43-1.22). The results of this meta-analysis suggest that the FXIII-A Val34Leu polymorphism is not associated with ICH risk in a Caucasian population. Further large and well-designed studies must be conducted to confirm this preliminary conclusion.
INTRODUCTION
Stroke is the second leading cause of death after ischemic heart disease, and is the main cause of acquired disability worldwide (Feigin et al., 2009) . Strokes are generally classified as ischemic or hemorrhagic, and spontaneous intracerebral hemorrhage (ICH) is the most common form of hemorrhagic stroke (Qureshi et al., 2009) . A recent large cohort study found that the major risk factors for ICH included advanced age, the African-American ethnicity, hypertension, lower low density lipopolysaccharide cholesterol levels, and lower triglyceride content (Sturgeon et al., 2007) . The incidence of ICH is expected to rise over the coming years, primarily because of the ageing populations of developed countries and widespread use of antithrombotic therapy in the elderly (Lovelock et al., 2007) . However, while some individuals exposed to these risk factors do not develop the disease, several ICH patients are not susceptible to the known risk factors. Epidemiological data have shown that genetic factors play an important role in the progression of ICH (Jagiełła et al., 2014; Woo et al., 2014) . This suggested that genetic polymorphisms could induce differences in the ICH risk between individuals.
Blood coagulation factor XIII (FXIII) is the last enzyme affecting the final stages of the coagulation cascade (Perez et al., 2011) . Biochemically, FXIII is an inactive enzyme precursor, containing two A subunits that form the active site, and two B subunits that protect the A subunit from proteolytic degradation and non-proteolytic activation in the plasma (Wells et al., 2006) . FXIII is believed to play a vital role in endothelial homeostasis in the brain; this is because homozygous FXIII deficiency is reported to be correlated with a 25-60% risk of ICH (Nugent, 2006; Hsieh and Nugent, 2008) . The gene coding for the A subunit of FXIII, located on chromosome 6 (p24-p25), comprises 160 kb and 15 exon regions (Wang et al., 2014) . The FXIII Val34Leu variant is a G-to-T point mutation in exon 2 of the gene, resulting in a valine (Val) to leucine (Leu) substitution at amino acid 34 (Mikkola et al., 1994) . Previous meta-analyses have indicated that the FXIII-A Val34Leu polymorphism may protect humans against coronary artery disease and venous thromboembolism (Wells et al., 2006; Vokó et al., 2007) , but not ischemic stroke (Li et al., 2012) .
Several studies conducted over the past decade have suggested that the FXIII-A Val34Leu polymorphism is associated with ICH susceptibility. However, the results of these studies remain controversial, possibly because of their small sample sizes, low statistical power, and clinical heterogeneity (Ammar et al., 2012) . Therefore, this meta-analysis was conducted to assess the relationship between the FXIII-A Val34Leu polymorphism and ICH risk.
MATERIAL AND METHODS

Study selection
Studies reporting on the correlation between the FXIII-A Val34Leu polymorphism and ICH up to November 2015 were identified on the PubMed database using the following search terms and their combinations: "intracerebral hemorrhage", "factor XIII/FXIII", "Val34Leu", and "polymorphism". Potentially relevant studies were further identified from the reference lists of articles included after a thorough review of the title, abstract, and full text. The search was performed without any restrictions on the language and was focused on studies conducted in humans.
Inclusion and exclusion criteria and data extraction strategy
Studies meeting the following criteria were included in this study: 1) studies that evaluated the association between the FXIII-A Val34Leu polymorphism and ICH; 2) casecontrol studies; and 3) studies providing the genotype frequencies of cases and controls (or those wherein the genotype frequencies could be calculated from data provided in the text). Studies meeting the following criteria were excluded from our analysis: 1) case reports, letters, reviews, meta-analyses, and editorial articles; 2) studies lacking case controls in evaluation of the association between the FXIII-A Val34Leu polymorphism and ICH risk; 3) reports in which the number of null and wild genotypes could not be ascertained; and 4) studies with duplicate data. The available data were independently extracted from each study by two investigators according to the inclusion criteria listed above. The following data were collected from each study: the name of the first author, year of publication, country of origin, ethnicity, area, number of patients and controls, genotype and allele distributions at the polymorphic site, and evidence of Hardy-Weinberg equilibrium (HWE; Table 1 ). When the two investigators could not reach a consensus, an expert was consulted to resolve the dispute, and a final majority decision was taken. (Lau et al., 1997) , where I 2 values of 25, 50, and 75% were defined as low, moderate, and high estimates, respectively. In case of heterogeneity among the studies, the pooled OR was estimated using the fixed-effects model (P > 0.10 or I 2 < 50%). Otherwise, the random-effects model was used to estimate the pooled OR. A cumulative meta-analysis was conducted to provide a framework for updating the genetic effect of all studies, to measure the change in genetic effect with the accumulation of evidence, and to identify the trend in the estimated risk effect (Zintzaras and Lau, 2008) . Publication bias was analyzed by a regular funnel plot as well as a Begg's funnel -plot (P < 0.05 was considered statistically significant). All analyses were performed using the Stata software package (v.12.0; Stata Corporation, College Station, TX, USA).
RESULTS
Eligible studies
Our initial search identified 520 studies based the search terms. Screening of the study titles and abstracts resulted in the exclusion of 511 articles; the 9 remaining articles (Catto et al., 1998; Corral et al., 2000; Gemmati et al., 2001; Reiner et al., 2001; Cho et al., 2002; Endler et al., 2003; Slowik et al., 2005; Ladenvall et al., 2009; Antalfi et al., 2013) were subjected to a full publication review. Two of these articles were excluded (Catto et al., 1998; Cho et al., 2002) . Figure 1 is a flow chart depicting the search strategy and study selection criteria. The complete dataset included 1968 controls and 727 patients with primary ICH. The studies were published between 2000 and 2015. The selected articles were written in English, and the genotype distribution in the controls was consistent with the HWE for all selected studies. The included ICH cases and control subjects were of Caucasian ethnicity. The characteristics of the included studies are summarized in Table 1 . 
Meta-analysis
Meta-analysis of the pooled data from all seven studies revealed significant heterogeneity in the Leu/Leu vs Val/Val and the recessive genetic comparison model. Therefore, the random-effect model was used to pool the results of these two models (Figures  2-5) . The results of this meta-analysis are summarized in Table 
Publication bias
The publication bias in the articles included in the meta-analysis was analyzed by plotting a Begg's funnel plot. The shape of the funnel plot showed no evidence of publication bias (Figure 7) . 
DISCUSSION
ICH is a major public health concern, and is responsible for high mortality and disability rates in adults. FXIII plays a crucial role in the blood coagulation and fibrinolytic pathways. Mutations in FXIII could affect their function, and may be associated with ICH risk. The FXIII-A Val34Leu polymorphism resulting from a G-to-T point mutation in codon 34 of exon 2 leads to the substitution of valine with leucine. An increasing number of studies have focused on the relationship between the FXIII-A Val34Leu polymorphism and cardiovascular and cerebrovascular diseases; additionally, previous meta-analyses have indicated that this variant may be a preventive factor against coronary artery disease and venous thromboembolism (Wells et al., 2006; Vokó et al., 2007) . A number of recent studies have focused on the association between the Val34Leu polymorphism and ICH, the results of which are controversial. Therefore, this meta-analysis was designed to draw a precise conclusion regarding the association between the FXIII-A Val34Leu polymorphism and ICH risk.
To the best of our knowledge, this is the first meta-analysis to assess the relationship between the FXIII-A Val34Leu polymorphism and ICH risk comprehensively. This metaanalysis, performed using seven relevant studies comprising 727 ICH cases and 1968 controls, explored the association between the Val34Leu polymorphism in FXIII-A and ICH risk. The results of this meta-analysis reveal that the FXIII-A Val34Leu polymorphism is not associated with increased or decreased risk of ICH in Caucasian subjects. The FXIII Val34Leu polymorphism was detected in 44.3% Caucasians and 2.5% Asians in a recent study (Attié-Castro et al., 2000) . Other studies reported a complete absence or very low prevalence of the FXIII-A Val34Leu polymorphism in Asian subjects (Kangsadalampai and Board, 1998; Cho et al., 2002) . Therefore, no relevant publications involving for Asian subjects were included in the final meta-analysis. Further investigations with larger sample populations of Asians are required to clarify the possible effects of this polymorphism on ICH risk.
The results of this meta-analysis were subject to certain limitations. Firstly, the influence of heterogeneity on this type of analysis must be noted. The random-effect model, which assumes that different studies show substantial diversity, and which assesses the sampling errors within the study as well as the between-study variance, was used to minimize the influence of heterogeneity on our results. In addition, the sample sizes of a proportion of included studies were relatively small, and the matching criteria for the cases and controls were not strictly adhered to. Therefore, some bias may persist in these results. The possible associations of sampling bias should be addressed by conducting further investigations with larger sample sizes and strict matching criteria. Finally, the effects of potential gene-gene and gene-environment interactions have not been addressed in this meta-analysis.
In summary, the results of our meta-analysis suggest the FXIII-A Val34Leu polymorphism is not associated with ICH risk. Further studies considering the gene-gene and gene-environment interactions could clarify and reinforce of our understanding of this association.
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